The accumulation of literature on hereditary nephritis with or without nerve deafness attests to the increased awareness of the existence of this syndrome. I t is the purpose of this report to show that there are distinguishing histologic findings in young patients with minimal disease and normal renal function. Eleven patients were studied; 4 were females and 7 were males. Relevant family histories and clinical laboratory findings are shown in table I. I n all patients, hematuria, gross or microscopic, was present. Exacerbations of the hematuria occurred as a part of the exaggerated response of these patients to upper respiratory infection. Renal functional data are shown in table 11. These data were generally within normal limits for our laboratory. Table I11 outlines the morphologic findings observed on renal biopsy. In renal biopsies obtained from 10 patients, there was observed persistence of fetal-like glomeruli characterized by the circumferential crowding of visceral epithelium and an apparent decrease in the number of patent capillaries. The most striking finding in the tubules was the presence of red cells and red blood cell casts seen mainly in the distal and collecting tubules. Foam cells were an infrequent finding but, when present, were unassociated with interstitial fibrosis. Examination of kidney specimens under the electron microscope revealed the presence of at least three glomeruli in seven patients and of fetal-like glomeruli in all patients. There was also circumferential crowding of visceral epithelial cells, particularly at the surface, facing Bowman's capsule. These epithelial cells were characterized by large nuclei, small amounts of cytoplasm, apparently poorly developed intracytoplasmic organelles, and frequent villous-like cytoplasmic projections on the surface. I n families from whom past histories are unavailable, recognition of distinct renal biopsy characteristics would help identify this syndrome in the early stages of disease. At this stage, the combination of morphologic features considered to be characteristic would include the presence of a) fetal-like glomeruli, which were seen by electron microscopy in 7 patients and by light microscopy in 10 patients; b) mild to moderate hypercellularity ; c) large numbers of tubules filled with red blood cells and red blood cell casts; and d) foam cells in the absence of interstitial fibrosis. The fetal-like glomeruli present in our patients did not correspond to any of the normal stages of glomerular development observed under electron microscopy by other investigators, but rather, appeared to represent dysgenesis. Most patients from whom data are reported were more than 2 years of age, at which time fetal glomeruli are exceptional. Of interest was the observation that almost identical histology was found to exist among the siblings. ANTONOVYCH, DEASY, TINA, D'ALBORA, HOLLERMAN a n d CALCAGNO
Introduction
The accumulation of literature on patients with hereditary nephritis with or without nerve deafness attests to the increased awareness of the existence of this syndrome. Clinical, genetic, and histologic data, which may lead to a more accurate definition of this condition, are being reported. This study purports to show that biopsies of young patients with minimal disease and normal renal function reveal distinguishing histologic findings.
Case Material
Data on a total of 11 cases form the clinical basis of this report. Five representative case histories are presented because the clinical material is similar.
Patient no.2 : This girl was one of three live born children, her mother having had three abortions. The patient weighed 2.466 kg at birth after normal delivery following a full-term pregnancy. At 2 years of age, a routine urinalysis showed microscopic hematuria. Bimonthly urinalyses during the ensuing 14 months revealed persistence of the asymptomatic hematuria (5-15 rbc/hpf). At approximately 4.5 years of age, she was admitted to the Children's Hospital of the District of Columbia (C. H.). Urologic examination, including cytoscopy and retrograde pyelography, failed to identify a cause of the hematuria; audiometric examination revealed bilateral conductive hearing loss. Two Addis count examinations on the mother at yearly intervals .
. revealed significant microscopic hematuria. She subsequently refused further examination. The patient's younger brother, patient no. 1, had had gross hematuria since birth. Initial studies and reevaluation of both children are shown in tables I, 11, and 111. Patient no. 3 : This child was a white male, 2.5 years old. A routine urinalysis 1 week prior to hospitalization at C. H. showed hematuria and albuminuria. On admission, physical examination was unremarkable except for an elevated blood pressure, 148190, which lasted less than 24 h. He had no edema; his most recent sore throat had occurred 3 months prior to admission.
Further clinical studies are shown in tables I and 11; renal biopsy findings are shown in table 111. Microscopic hematuria had persisted with exacerbations a t the time of upper respiratory disease.
Since birth, frequent urinalyses had been performed on patient no.3 because at 6 years of age, his sister (patient no. 4) was found to have nephritis. Hematuria had occurred in the sister also at 2.5 years of age. Renal biopsy at another hospital had shown some glomeruli to have simplified capillary loops and crowding of the epithelial cells at the periphery. Periglomerular fibrosis and occasional fetal-like glomerulus were observed. The interstitium appeared to be slightly increased and some of the tubules atrophic. A number of tubules had contained protein casts and red blood cells. There was no further family history of renal disease.
Patient no.6: At the age of 4.5 years, this white female was admitted to Georgetown University Hospital (G.U.H.) for evaluation of gross hematuria, which had persisted for 5 months following a 'flu-like' illness. She had been admitted to another hospital where evaluation had included IVP, cystoscopy, cystogram, urine cultures, and coagulation studies. No abnormality was detected by physical examination or by other studies. Following discharge, the hematuria continued. When she was readmitted to G.U.H., a family history of Bright's disease in a maternal aunt and deaf-'ness in the maternal grandmother was obtained. Renal function studies and a biopsy were undertaken (tables I1 and 111). She subsequently had exacerbations associated with respiratory illness.
Patient no. 8 : At 5 years of age, this girl was referred to C.H. for evaluation of asymptomatic hematuria, which had been discovered in a routine urinalysis 4 months previously. Since 2 1 years of age, her mother had had episodes of high fever, hematuria, and pyuria. This renal disease had been exacerbated during pregnancy, and it had been necessary to induce labor. Since adolescence, hearing had been impaired. There was a strong family history of renal disease in the mother's family, both in her generation and in that of her parents.
One of the patient's brothers had died at age 12 years. The autopsy report recorded 'evidence of renal damage, such as cell proliferation, sclerosis, and hyalinization'. In addition, capsular adhesions producing crescent-forming glomeruli, arteriolar sclerosis, and degenerative tubules (distended and atrophic) had been present; some had contained cellular inflammatory debris, and several had been filled with proteinaceous material and red blood cells. A few glomeruli had shown 'fetal' features; the interstitial tiisues had been markedly increased in cortex and medulla. The brother had developed nephritis at 3 years of age, but was asymptomatic until 3 months prior to his death.
I n patient no. Blood urea nitrogen was determined by a modification [68] of the microdiffusion method [13] . Total protein in serum was determined by the refractometer method using an American Optical T. S. Meter. If the serum was found to be hypercholesterolemic, the method of GORNALL [26] was employed. Electrophoresis of protein in serum was carried out by the Spinco method using a Durrum cell. Two-dimensional amino acid chromatography was performed according to a modified [5] method of DENT [15] , and one-dimensional chromatography was performed by the method of EFRON [20] . Renal clearances of inulin and paraaminohippurate (PAH) were determined using a constant infusion technique to maintain the level of inulin in serum at 20 mg/100 ml, and of PAH at 1-3 mg/ 100 ml. After a 90-min equilibration period, four timed urine specimens were obtained by catheterization and 'air wash-out'. Specimens for determination of inulin and PAH in serum were obtained prior to infusion and during the first and last urine collection periods. Inulin was determined by a modification of the HUBBARD and LOOMIS method [31] , using the acid mixture for the hydrolysis of inulin. Para-aminohippurate was determined by use of the method of SMITH [64] . Complement was ascertained by a quantitative immunodiffu- All renal biopsies were examined by light and electron microscopy. For light microscopy, paraffin sections of formalin-fixed tissue were cut at 3 p and stained with hematoxylin-eosin and methenamine silver, periodic acid-Schiff. For electron microscopy, small fragments of tissue were fixed immediately in 1 % buffered osmic acid and imbedded in Epon 812. These sections were cut on the Porter-Blum microtome. Epon sections were treated with uranyl acetate. Electron micrographs were taken with a Phillips 75 electron microscope. I n the specimens from each case, an average of three glomeruli were examined by electron microscopy. Audiometric evaluations were done using the standard pure tone threshold audiogram [79] .
Results
The relevant family histories and clinical and laboratory findings of four female and seven male patients are shown in table I. Patients nos. 1 and 2 and patients nos. 3 and 4 were brother-sister pairs. The remainder were unrelated. The age at discovery of hematuria ranged from the newborn period to 8 years. In all patients, hematuria, gross or microscopic, was the presenting feature. Albuminuria was only slightly less constant, occurring in nine patients. Cylindruria was also present in nine patients. Pyuria was a frequent finding, but was always associated with negative urine cultures. Exacerbations of the hematuria occurred as part of the exaggerated response of these patients to upper respiratory infection.
The blood urea nitrogen was normal ( t 2 0 mg/100 eight mothers questioned gave a history of abortion. ml) in all patients except in patient no. 10, whose cliniRenal functional data are shown in table 11. The cal disease was known to have existed for at least age at the time of the study reflects varying duration 20 years. He also showed a minimal elevation in the level of cholesterol in serum together with a concomitant fall in the level of total protein. Levels of cholesterol and total protein in serum of other patients were normal. Electrophoresis of protein in serum performed on eight patients showed no abnormality. Serum complement determinations on eight patients at the time they were first seen showed no decrease. Antistreptolysin titers drawn at the time of first examination or at the time of an exacerbation, either singly or in pairs, failed to show a rise. There were no gross anatomical abnormalities found by intravenous pyelography or cystoscopy. Patients nos.4 and 5 showed a minimal bladder neck contracture. None of the patients tested had an increase in urinary excretion of proline, a finding occasionally associated with this syndrome. Bleeding and coagulation studies were normal in all patients.
All patients had a family history of hematuria. Deaf- 4) were seen in four patients. Focal basement membrane thickening was found in two patients.
The most striking finding in the tubules was the presence of red cells and red blood cell casts seen mainly in the distal and collecting tubules ( fig.2) . In many patients, there was a moderate increase in the interstitium around the distal tubule. Focal peritubular fibrosis, tubular degeneration, and atrophy were infrequent, significant only in patient no. 10, in whom disease was long-standing. Foam cells were an infrequent finding, but when present, were not associated with interstitial fibrosis (fig. 5 ). The renal blood vessels were generally normal, although mild arteriolar thickening was found in three patients.
Kidney specimens containing at least three glomeruli in 7 of the 11 patients were examined by electron microscopy; in all patients, fetal-like glomeruli were encountered. Circumferential crowding of visceral epithelial cells, particularly at the surface, facing Bowman's capsule, was also dbserved under light microscopy. These epithelial cells were characterized by large nuclei, small amounts of cytoplasm, apparently poorly developed intracytoplasmic organelles, and frequent villous-like cytoplasmic projections on the surface. The epithelial foot processes varied. The main body of the epithelial cells was often attached to the basement membrane by a broad cytoplasmic mass, but at the periphery, the foot processes became more slender ( fig. 6) .
The basement membrane varied also from capillary to capillary. In most areas it was very thin, measuring only about 1000-2000 A in thickness; the lamina densa and laminae rarae, interna and externa, were well defined. In other areas the membrane was wider, fibrillary, or apparently split ( fig. 7) . Basement membranelike material in the mesangial areas appeared to be somewhat increased, and the mesangial cells were prominent in places.
Some of the patients also showed moderate to marked swelling of endothelial cells. Occasional subendothelial deposits were encountered in two patients.
Occasional glomeruli showed hypertrophy and hyperplasia of parietal epithelial cells resulting in adhesions, a thickening of Bowman's capsule, and pericapsular fibrosis.
Discussion
The characterization of hereditary nephritis has undergone a gradual evolution since early descriptions of familial nephropathy in the latter part of the 19th cen- tury [l, 3, 4, 6, 16, 17, 21, 22, 25, 33, 36, 37, 44, 58,   59 , 71, 751. I n 1902, GUTHRIE [29] published the first pedigree, which was later reviewed in 1927 by ALPORT [2] , who recognized deafness as part of the syndrome. Subsequently, in addition to describing similar pedigrees of familial hematuria and deafness, authors have reported the association of gross hematuria with a) upper respiratory infections [3, 8, 9 , ll,48, 551; b) the increased morbidity and mortality rate in males [8, 11, 23, 24, 32, 35, 42, 51, 53, 55, 69, 70] ; c) the high increase of abortions, toxemia, premature births and pyuria during pregnancy in affected females [8, 23, 24, 55, 63, 701 ; d) duplication of the ureters [8, 24, 35, 55, 701 ; e) genetic patterns [2, 11, 12, 27, 30, 43, 47, 48, 50-53, 56, 57, 63, 67, 70, 75, 771 ; f ) eye changes [17, 23, 28, 41, 45, 48, 49, 62, 65, 661 ; g) aminoaciduria [19, 48, 61, 741 ; h) neurological deficits [42, 55, 611 ; and i) mental deficits [19, 481. PERKOFF [5 1,531 considered pyuria to be the significant presenting sign in his pedigree and used autopsy data to support his clinical diagnosis of chronic interstitial pyelonephritis. A minority [8, 231 of authors agree with his opinion that the basic lesion is pyelonephritis, while the majority [1 1,23,29,48,65,69, 701 view it as a form of glomerulonephritis. Both schools have based their opinions primarily on autopsy material [2, [8] [9] [10] 23, 27, 38, 42, 51, 551 , which represents end-stage disease. Little information on early renal changes has been reported. The description of biopsy material in the early stages of the disease [8, 46, 50, 54] suggests that little change is found in the glomerulispecifically, no characteristic features. Foam cells have been found [23, 51, 55, 63, 761 at the corticomedullary junction, but the implications of this finding are equivocal, since similar cells are present in other forms of renal diseases [60] . Red cells in the renal tubules [I 1, 551 have also been reported to be present in the early stages of renal disease, sometimes as the sole abnormality in biopsy.
Recognition of this disease by characteristic renal biopsy criteria in the early stages of the disease would be most helpful in families for whom a past history is not available. At this stage, the combination of the morphologic features considered to be characteristic would include the presence of a) fetal-like glomeruli, ,BORA, HOLLERMAN a n d CALCAGNO Summary which, in this study, were observed by electron microscopy in 7 patients and by light microscopy in 10 patients; b) mild to moderate hypercellularity; c) large numbers of tubules filled with red blood cells and red blood cell casts; and d) foam cells in the absence of interstital fibrosis.
The fetal-like glomeruli described in this report do not correspond to any of the normal stages of glomerular development observed by VERNIER et al. [72] by electron microscopy, but rather, appear to represent dysgenesis. Most patients from whom data are reported were more than 2 years of age, at which time the presence of fetal glomeruli is exceptional.
Other authors have found 'immature' glomeruli in Alport's syndrome [8] , in the Fanconi syndrome [34, 401 , and in congenital nephrosis [39] . The existence of these glomeruli in association with disease suggests that dysgenesis may be one of the possible mechanisms in the causation of hereditary nephritis.
Periglomerular fibrosis seems to appear first around the fetal-like glomeruli; later it progresses to hyalinization. A gradual progressive loss of nephrons ensues and accounts for the confusing histological picture reported by others in autopsy specimens. By light microscopy, the focal glomerular hypercellularity is indistinguishable from any other type of proliferative glomerulonephritis. Periglomerular fibrosis alone, although one of the features of pyelonephritis, is seen with glomerular obsolescence of any cause.
Most authors agree on the presence of red cells in the tubules. The quantity of red cells found seems to be disproportionately large considering the mild glomerular changes present. Permeability studies of fetal glomeruli indicate that fetal glomerular capillaries are more permeable than are adult capillaries [38, 72, 731 . Of interest in the present study has been the additional finding that almost identical histology occurs among siblings.
Foam cells were originally thought to be the diagnostic histologic feature of this condition [51] . Since the presence of foam cells has also been recognized in other diseases associated with the nephrotic syndrome, such as interstitial nephritis and pyelonephritis, it would appear that the presence of these cells in the later stages of hereditary nephritis would not be a diagnostic specificity [18] . I n early biopsies, however, the presence of interstitial foam cells should make one suspicious of this disease.
Renal functional data based on crude tests [7-9, 14, 23,42,55,65] have shown no impairment in the early cases of this syndrome. Using more refined techniques in these studies, it was possible to confirm these findings and to correlate normal function with the minimal but distinctive histologic changes found on biopsy.
Salient factors in family history, clinical findings, functional data, and renal biopsy morphology were studied in 11 patients with hereditary nephritis. The results suggest that a particular combination of histological, changes may be found frequently in the early stages of this syndrome and would include the presence of a) fetal-like glomeruli; b) mild to moderate focal hypercellularity; c) large numbers of tubules filled with red blood cells; d) foam cells in the absence of interstitial fibrosis; and e) identical changes in siblings. The minimal histologic changes were not associated with abnormal renal functional studies.
